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FUEL- INJECTION SYSTEM AND METHOD FOR INJECTING FUEL 
Background Inf ormat ion 

The present invention is based on a fuel -inject ion system for 
injecting fuel into a combustion engine according to the 
species of Claim 1, and on a method for injecting fuel 
5 according to Claim 11. 

A fuel injection system according to the definition of the 
species in Claim 1 is known from DE 101 23 867 Al, for 
example. The fuel injector includes an auxiliary intake which 
is connected via a line to an interior chamber of the fuel 

10 injector. A purifying agent or a mixture from fuel and 
purifying agent (s) is able to be conveyed to the spray- 
discharge orifices of the fuel injector via the auxiliary 
intake. The purifying agent may be used to rinse the fuel 
injector and the spray- discharge orifices in order to reduce 

15 deposits. 

Disadvantageous in the system described in the aforementioned 
printed publication is, in particular, that each fuel injector 
of an internal combustion engine must be provided with a 
corresponding intake, which furthermore must be positioned in 
20 a decentralized fashion from the fuel intake of the fuel 
injectors. The manufacturing expense is thus very high. 
Furthermore, a second intake, which interconnects the 
auxiliary intakes, must be installed, which entails further 
expense in components and installation time. 

2 5 Summary of the Invention 
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In contrast, the f uel - inj ect ion system according to the 
present invention, having the characterizing features of 
Claim 1, and the method according to the present invention, 
having the characterizing features of Claim 11, have the 
advantage that various fuels for different operating states 
of the internal combustion engine are able to be conveyed in 
a simple manner via two fuel -distributor lines which are 
connected to the fuel injectors via a conventional 
connection and via a lance disposed therein. 

Advantageous further refinements and improvements of the 
fuel-injection system indicated in Claim 1 are rendered 
possible by the measures specified in the dependent claims. 

It is advantageous, in particular, that the second fuel- 
distributor line extends parallel to the first line and, for 
example, is soldered thereto. 

Moreover, it is advantageous that standard fuel injectors 
are able to be used with the double fuel-distributor line 
without costly modifications. 

In an advantageous manner, a non-return valve is provided 
inside the lance, which is freely selectable for a variety of 
pressures and prevents a return flow of the startup fuel or 
the purifying liquid. 

Furthermore, it is advantageous that the startup fuel is also 
able to be supplied via an outer sleeve on the outside of the 
fuel injector or via an additional supply line decoupled from 
the main supply line. 

It is also advantageous that the lance penetrates the first 
fuel -distributor line, thereby avoiding an additional 
evaporation of the fuel flowing through the lance. 
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The composition of the startup fuel may advantageously be such 
that the cold- start characteristics of the internal combustion 
engine are able to be improved, the emissions reduced and the 
fuel injector is able to be kept free of deposits. 

5 Brief Description of the Drawing 

An exemplary embodiment of the present invention is 
represented in simplified form in the drawing and elucidated 
in greater detail in the following description. 

The f igur e s show : 

10 Fig. 1 a schematic section through an exemplary 

embodiment of a fuel -inject ion system according 
to the present invention, in an overall view; 

Side views through a part - sectional fuel 
injector of the fuel - inj ect ion system shown in 
Figure 1, in three consecutive method steps of 
the injection. 

Description Of The Exemplary Embodiment 

Figure 1 shows a schematic view of an exemplary embodiment of 
20 a fuel -inj ect ion system 1 configured according to the present 
invention. A fuel injector 2 in the form of a low-pressure 
fuel injector is used to inject fuel into the intake manifold 
of a mixture -compressing internal combustion engine having 
externally supplied ignition. In the following, only those 
25 components are discussed that have a direct relationship to 
the measures according to the present invent ion . 

Fuel injector 2 is preferably installed in a cylinder head 
(not shown further) of the internal combustion engine in a 
series arrangement and connected to additional fuel injectors 



Figures 2A-C 

15 



NYOl 1043354 vl 



3 



2 (not shown) by means of a first fuel -distributor line 3. The 
measures according to the present invention relate to a second 
fuel -distributor line 4, which may be disposed parallel to 
first fuel -distributor line 3, in particular. 

Second fuel -distributor line 4 is used to supply a startup 
fuel whose composition with respect to its evaporation and 
combustion characteristics is such that the cold- start 
characteristics are able to be improved, and the hydrocarbon 
emissions in the cold phase of the internal combustion engine 
as well as the nitrogen oxide emissions are able to be 
reduced. As an alternative, the startup fuel may also be 
replaced by a purification or rinsing liquid to clean fuel 
injector 2 between the injection cycles. Deposits in the 
region of the fuel ducts and the spray- discharge orifices of 
fuel injector 2 are rinsed off in this manner and can no 
longer cause malfunctions of fuel injector 2. 

The concept has been selected such that existing fuel 
injectors 2 are able to be used with the measures according to 
the present invention, without expensive modifications, so 
that the costs are able to be kept low. 

To this end, second fuel -distributor line 4 has a preferably 
tubular lance 5 which extends through first fuel -distributor 
line 3. Lance 5 discharges into fuel injector 2 via a supply- 
line nipple 6 of fuel injector 2. 

A non- return valve 7, which may be designed as, for instance, 
a ball valve 7 having a spring. 8, is disposed inside lance 5. 
Non-return valve 7 ensures that the injection with startup 
fuel is ended as soon as normal fuel is supplied from first 
fuel-distributor line 3 via a supply line 9. It is 
exchangeable and may be selected for a variety of pressures, 
for instance between 0.2 and 1 bar. A detailed description of 
the individual components and the method of functioning may be 
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gathered from the description in connection with Figures 2A 
through 2C. 

Lance 5 and second fuel -distributor line 4 are preferably 
soldered to first fuel-distributor line 3. The diameter of 
5 lance 5 is 4 mm, for example, so as to offer an adequate 
metering cross section. 

Since lance 5 is fed through first fuel -distributor line 3, an 
additional evaporation of the startup fuel is able to be 
avoided - 

10 Furthermore, lance 5 may also be designed to be beatable in 
order to heat up the fuel. In this manner as well, the cold- 
start characteristics may be improved by better evaporation 
and by a reduction in the hydrocarbons. The heating elements 
may be embodied in different forms such as spirals, or may be 

15 designed in the form of heating pellets . 

Instead of lance 5, it is also possible to provide a pipe 
connected to an outer wall of fuel injector 2 through which 
the startup fuel is able to be conveyed to the tip of fuel 
injector 2, The advantage is that the switching location 

20 between startup fuel and normal fuel is located in the region 
of the valve tip and only a small residual volume of the other 
fuel type is present there after the switchover, so that the 
starting emissions are improved. Here, too, it is possible to 
use standard production fuel injectors 2 with small 

25 modifications. 

Another advantageous embodiment combines the use of lance 5 
with the switchover between startup and normal fuel by the use 
of two valves, so that the fuel circuits are able to be 
completely decoupled from one another. The return rinse may be 
30 implemented via external ducts. The fuel types are not limited 
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here as far as the supply cross sections and the maximally 

possible flow rate are concerned. 
'* 

Figures 2A through 2C show a rinse and injection cycle for a 
fuel -inject ion system 1 configured according to the present 
5 invention, in three steps. Fuel - inj ection system 1 is shown in 
a lateral part -sectional view in the region of fuel injector 
2. Reference is made only to the components of a fuel injector 
2 that are essential for the present invention. In all other 
respects fuel injector 2 may be designed as desired. 
10 Equivalent components have been provided with corresponding 
reference numerals in all figures. 

Figure 2A shows the rinsing operation as first step of the 
injection cycle. Here, startup fuel is conveyed from second 
fuel -distributor line 4 through an interior chamber 10 of fuel 

15 injector 2. Since no electrical actuation of fuel injector 2 

takes place at this time, the startup fuel is not injected but 
flows through lateral ducts 11, as indicated by arrows 12, 
counter to a discharge direction, back to supply- line nipple 6 
of fuel injector 2. Non-return valve 7 prevents the startup 

20 fuel from flowing back into second fuel -distributor line 4. 

The goal of the rinsing operation is to dissolve and rinse off 
the combustion residue in the region of valve tip 13 from the 
previous- injection cycle, so that fuel injector 2 is able to 
inject uniform fuel quantities into the combustion chamber of 
25 the internal combustion engine. 

Figure 2B shows the next step, i.e., the injection of startup 
fuel in the direction of a combustion chamber of the internal 
combustion engine. The startup fuel is conveyed in the same 
manner as in the rinsing operation shown in Figure 2A, but it 
3 0 is spray- discharged toward the combustion chamber of the 
internal combustion engine by the simultaneous electrical 
actuation of fuel injector 2. This is indicated by arrows 14 
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in Figure 2B. The startup fuel is adjusted such that, as 
explained earlier already, the cold-start behavior of the 
internal combustion engine is influenced in a positive manner 
and the exhaust emissions are able to be reduced. 

5 Finally, Figure 2C shows the third step of the injection cycle 
during which normal fuel is conveyed to valve tip 13 from 
first fuel -distributor line 3 via intake 9 and lateral ducts 
10, the fuel being spray- discharged toward the combustion 
chamber of the internal combustion engine. The normal fuel 

10 flows through fuel injector 2 along the path indicated by 

arrows 15 and 14. Normal fuel will be spray- discharged as soon 
as the internal combustion engine has reached its operating 
temperature, which may be measured by a suitable sensor. The 
normal fuel may be a fuel having greater energy density, for 

15 instance, which in this cases requires no addition of 
pur i f y i ng agent s . 

The present invention is not limited to the exemplary 
embodiment shown and is also suitable, for instance, for fuel 
injection systems (1) of mixture-compressing, internal 
20 combustion engines having self -ignition. 
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